While all modelling assumptions and data sources underpinning this work have been provided in the manuscript, this section serves to more thoroughly detail the models used to provide further information for the reader regarding the underlying assumptions and implicit limitations of this study.
PLEXOS Integrated Energy Model
PLEXOS Integrated Energy Model is a power system modelling platform developed by Energy Exemplar that is used for integrated modelling of power, gas and water systems 1 . It is a commercial modelling tool that is free of charge for non-commercial research applications in academic institutions.
In this study, the modelling platform is used to optimise unit commitment and economic dispatch of the power sector by using short term deterministic modelling.
The model developed assumes perfect foresight in relation to electrical load, wind and solar production, and forced outages of generators. Stochastic unit commitment is possible within PLEXOS and could be applied to represent imperfect foresight in relation to these parameters. However, this was not applied in this work due to it being outside the scope given the disparity between its typical application in shorter term dispatch planning and our 30 year long period of analysis. This means that while the work is representative of day ahead market modelling, it is idealised and does not represent the imperfect reality of shorter term market function. A perfect day-ahead market is assumed across the EU where there is no market power or anti-competitive bidding behaviour where power stations bid their true short-run marginal cost, all of which impact the reality of power system operation.
While PLEXOS can be used for optimising investment, this function was not used in this work and only a dispatch simulation of six discreet scenarios were undertaken.
Operations planning models, by definition, are not best suited to assessing optimal investment but this work shows how they leveraged to gain insights into the weather induced variability of system operation.
The model minimises the total generation cost of the system while respecting four key constraints: 1) electricity demand and supply must balance; 2) technical characteristics of generators (such as minimum stable levels, ramp rates, minimum up and down times, and maintenance rates); 3) transmission capacity of interconnector lines; 4) forced (random outages based on Monte Carlo simulations) and unforced (scheduled) outages of generators.
PLEXOS models each trading period and ensures chronological consistency across the entire horizon of the optimisation. It models the start-up and shutdown of all generators and tracks them over time. It models the unit commitment and economic dispatch of the power system over the entire time horizon. To ensure consistency across the entire optimisation horizon and avoid problems with inter-temporal constraints at simulation boundary steps, a look ahead period is used which gives the optimiser information about what happens after the period of optimisation. With this look ahead period, the optimiser solves the simulation period and the look ahead period in combination but only keeps the results for the simulation period. In the PLEXOS modelling framework, hydro, wind, solar PV and other renewables are typically treated as free modes of generation with zero marginal cost. This is how they were treated in this study and led them to be dispatched as much as possible subject to resource availability so as to minimise total generation costs.
As mentioned in the manuscript, a core challenge in this work surrounded the acquisition of granular technical characteristic for the ~10,000 power stations across 30 European countries. This led the use of standard generator classes for 15 modes of generation for each country with homogenous characteristics. A summary of the key generator characteristics used in this study is provided below in Table S1 . Of course, use of these standard characteristics and standard fuel pricing across Europe will impact results for each scenario. Model results, however, are very sensitive to such differences in generator characteristics and fuel pricing, and unless a comprehensive reliable data source is available, their application would lead to bias in the model results. The model was simulated using the MOSEK solver with rounded relaxation unit commitment, a duality gap of 0.05% and a six hour look ahead. In line with the EU Target Model day-ahead market-scheduling algorithm, known as EUPHEMIA 2 , 365 days of the each scenario simulation year were simulated at hourly resolution.
Renewables.ninja wind and PV generation datasets
The Renewables.ninja PV and wind simulation models . The Renewables.ninja data are bias-corrected by validation with historic solar PV and wind generation as described in Refs. ). Future work on simulating Europe's decarbonised power system at higher spatial resolutions than the countryaggregated level used here will nevertheless benefit from using newer reanalyses with higher spatial resolution, regional reanalyses, or other more highly resolved datasets such as direct satellite-measured data. 1 Wholesale electricity price is defined as the marginal cost of electricity in each region, reflecting the shadow price on the electricity demand-supply constraint. This captures an uplift element to account for start-up costs of thermal plant but excludes taxes, capacity payments or ancillary services. This should be interpreted as an energy-only price in a perfect wholesale market where no market power of strategic behaviours occurs. 2 Average price received by wind generators (also referred to as 'capture price') 3 Total Generation Cost = Generation Cost + Start & Shutdown Cost + Emissions Cost 4 Total electricity emissions from this base year simulation is within 3% of the official verified emissions (1025 Mt) for this year, using our historical 1985-2014 weather data. 5 Averaged over all transmission lines 
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WIND AND SOLAR OUTPUT VARIABILITY
This section shows the variability of annual capacity factors for wind and solar profiles by country for all scenarios considered. For all diagrams, the text on each country describes the mean capacity factor followed by the percentage point standard deviation over the course of all 30 weather years. The colour scale indicates the mean capacity factor for either wind or solar PV in each country. 
MOST REPRESENTATIVE SINGLE YEARS
The below table details the root mean squared error across eight metrics for all weather years considered. This error is determined as the RMS difference between each year and the long-run mean for each metric normalised by the long-run mean. 
